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INTRODUCTION
Blood analyses have been performed much less 
often in avian medicine in comparison to its routine 
use in large animal practices in veterinary medicine. 
Serum biochemical parameters may provide valuable 
information about the health status of birds (Kral 
and Suchy, 2000). Biochemical values of chicken’s 
serum may be influenced by several factors including 
poultry diseases (Koinarski et al., 2001; Burnham 
et al., 2003; Kumar et al., 2003). Poultry diseases 
including Newcastle disease, infectious bronchitis 
and infectious bursal disease affect serum values of 
some biochemical parameters in chickens (Talebi, 
2006).
Newcastle disease (ND) remains the most 
harmful diseases in the poultry industry that 
threaten the poultry producers all over the world, 
in spite of the presence of ND vaccinations since 
the 1950s (Alexander, 2003). Strains of Newcastle 
disease virus (NDV) belong to Mononegavirales, 
family Paramyxoviridae, and genus Avulavirus, are 
contained in one serotype and are also known as avian 
paramyxovirus serotype-1 (APMV-1).	 There are 5 
pathologic types of ND in chickens: viscerotropic 
velogenic ND, neurotropic velogenic ND, mesogenic, 
lentogenic and asymptomatic-enteric form (Darrell et 
al., 2013). 
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ABSTRACT 
Newcastle disease (ND) remains one of the most harmful  poultry diseases that threaten the poultry industry 
producers all over the world, thus the present work was planned to investigate the hematological, biochemical, and 
pathological changes in vaccinated and non-vaccinated broiler chickens naturally infected with ND. The study was 
conducted on 45 broiler chickens, 35-days-old,	from a private farm in Damietta governorate and used in this work, 15 
chickens were clinically healthy (Group I), 30 chickens with ND symptoms divided into 15 non-vaccinated (Group II) 
and the other 15 chickens (Group III) were vaccinated with La Sota strain of NDV with a titre of 106.5 EID50. The 
disease was diagnosed by hem agglutination test as ND. Blood and tissue samples were collected for clinical-pathological 
and histopathological examination. The infected broiler chickens showed cyanosis, nasal discharge, edema of eyelid 
and white pasty diarrhea with nervous manifestations. Furthermore, microcytic hypochromic anemia with leukocytosis 
was observed. Biochemical studies revealed a significant decrease in serum total proteins, albumin and A/G ratio, with 
significant increases in serum activities of aspartate aminotransferase, creatinine, and uric acid and glucose concentration 
in addition to several histological alterations were significantly seen in brain, intestine, liver and kidney of the infected 
birds. All these disturbances were less severe in the vaccinated group than the non-vaccinated one. In conclusion, La 
Sota vaccine can increase the bird resistant against Newcastle disease virus induced blood disorders and hepatic-renal 
insufficiency in broiler chickens.
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NDV was isolated from livers and kidneys of 
the experimentally challenged broilers (Njagi et al., 
2012). It had been found to induce high mortalities 
in infected broilers with extensive hepatic, splenic, 
lymphoid and pancreatic tissues damage as well as 
severe conjunctival hemorrhage and no purulent 
encephalitis (Nakamura et al., 2008). The purpose of 
the present work was to investigate the hematological, 
biochemical, and histopathological changes in La 
Sota vaccinated or non-vaccinated broilers naturally 
infected with NDV.
MATERIAL AND METHODS
Newcastle Disease Virus Vaccine: La	 Sota	
strain	 of	 NDV	 with	 a	 titer	 of	 106.5	 EID50	 was	
supplied	from	Abbassia	Laboratories	in	Egypt.
Ethical approval: Handling	 and	 sampling	
were	 carried	 out	 using	 the	 general	 guidelines	
of	 the	National	 Institutes	of	Health	 (NIH)	 for	 the	
Care	and	Use	of	Laboratory	Animals	 in	 scientific	
investigations	 and	 approved	 by	 the	 ethics	 of	
animal	 use	 in	 research	 committee	 (EAURC),	
Zagazig	University.	
Animal grouping: 45	 broiler	 chickens,	
35-days-old	were	 obtained	 from	 private	 farm	 in	
Damietta	 governorate	 and	 selected	 as	 following;	
15	birds	were	clinically	healthy,	showed	–vet	hem	
agglutination	test	and	kept	as	control	group	(I),	15	
non-vaccinated	 birds	 with	 signs	 of	 ND	 infection	
and	+ve	hem	agglutination	test	were	kept	as	ND-
infected	non-vaccinated	group	(II)	and	15	La	Sota	
106.5	 EID50	 -vaccinated	 birds	 with	 signs	 of	 ND	
infection	 and	 +	 ve	 hem	 agglutination	 test	 were	
kept	as	ND-infected	-vaccinated	group	(III).		
Sampling: Clinical signs were recorded then 
two blood samples were collected at the same time 
from wing vein from all tested groups. The first 
set of blood samples (0.5 ml from each broiler 
chickens) were collected in dipotassium salt of 
ethylene- diamintetraacetic acid (EDTA) tubes to 
be used for hematological variables determination. 
While the second blood samples (5 ml from each 
broiler chickens) were taken without anticoagulant 
in a sterile test tube for serum separation and kept 
for biochemical analysis. Postmortem findings were 
recorded then brain, small intestine, liver and kidney 
specimens were taken from freshly dead birds for 
histopathological examination. 
Hematological studies: Erythrocyte and 
leukocyte counts were performed using an improved 
Neubauer hem cytometer and Natt and Herrick 
solution as a special diluent for chicken’s blood 
according to Samour (2006). The packed cell volume 
was estimated by micro hematocrit centrifuge 
according to Coles (1986). Hemoglobin estimation 
was performed using the cyanomethemoglobin 
colorimetric method after centrifugation according 
to Zijlstra (1960). Mean corpuscular volume (MCV), 
mean corpuscular hemoglobin concentration (MCHC) 
were calculated. Blood films were made, fixed by 
absolute methyl alcohol, and then stained by Giemsa 
stain for differential leukocyte count and detection 
of RBCs morphology abnormalities according to 
Feldman et al. (2000).
Clinical-biochemical analysis: All biochemical 
tests were measured calorimetrically using  a 
commercial kits of BioMed-Diagnostic ,EGY- 
CHEM for lab technology, Badr City, Industrial Area 
Piece 170, 250 Fadan In East of Elrubaki, Egypt  on 
a semi-automated Photometer (5010 V5+, RIELE 
GmbH & Co, Berlin, Germany). Serum aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT) were measured according to the method of 
Reitman and Frankel (1957), serum total proteins 
and creatinine levels were determined according to 
Henry (1974), serum albumin level was estimated by 
the method of Doumas et al. (1981). Serum globulins 
level was calculated by subtracting the obtained 
albumin level from the obtained total proteins level 
(Doumas and Biggs, 1972). Glucose was determined 
by the method of Trinder (1969). Serum uric acid 
was measured by the method previously obtained by 
Sanders and Pasman (1980).
Histopathological examination
Tissue specimens from the brain, small intestine, 
liver and kidney were collected from all animals 
within each group, and were immediately fixed with 
10% buffered formaldehyde. Thereafter, routine 
paraffin wax blocks were prepared for each specimen, 
and were used for obtaining 5µm thick tissue sections. 
These sections were later stained with hematoxylin 
and eosin (H&E) for analysis using light microscopy 
(Thijs et al., 1999). 
A histopathological scoring system was used 
to assess the severity of the lesions in the examined 
organs. For each organ, five tissue sections were 
examined, and scores were assigned to significant 
lesions (see Tables 4 and 5) according to the following 
scale: 0; nil, 1; mild, 2; moderate, 3; severe. For group 
comparisons, scores for individual birds from each 
group were used for the calculation of the average 
plus or minus the SD. The scores per individual birds 
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were obtained by examining five different tissue 
sections per organ bird Student t-test was used to 
compare lesions scores between the diseased and the 
vaccinated group (P<0.05).
Statistical analysis: Data		of		the		current		study	
was	 	statistically	 	analyzed	 	using	 	the	 	computer	
program		SPSS/PC+2001.		The	statistical		method	
was		one		way		ANOVA		test,		followed		by		Duncan’s	
multiple	 	 range	 	 test	 	 (Duncan,	 	 1995).	 Data	 are	
presented	 as	means	 plus	 or	minus	 the	 standard	
error.	The	minimum	 level	of	 significance	was	set	
at	P	<	0.05.
RESULTS AND DISCUSSION 
ND is an economically essential listed and 
highly frequent isolated worldwide virus due to its 
importance to the commercial poultry producers 
and trading countries. Controlling of NDV through 
vaccination is commonly and routinely applied by the 
majority of poultry production companies to supply 
an immunological response against the disease 
(Darrell et al., 2013).
Clinical observations: 
 As shown in fig.(1), ND-infected non-vaccinated 
birds of group (II) showing high mortalities with 
cyanosis, nasal discharge, edema of eyelid, white 
pasty diarrhea and nervous manifestations. These 
clinical signs of ND have been previously described 
(Cheville et al. 1972; Lancaster, 1981; McFerran 
and McCracken, 1988; Parede and Young, 1990; 
Kouwenhoven, 1993; Alexander, 1997). Furthermore, 
nervous signs were seen in the infected poultry and 
confirmed with the histological alteration detected in 
the brain which represented by presence of cerebral 
encephalitis, characterized by marked aggregations of 
lymphocytes and plasma cells within the connective 
tissue matrix. In addition, perivascular lymphocytic 
cuffing was observed in the cerebral cortex, which is 
characteristic for viral infections (Helmy et al., 2007). 
Hematological results:
Concerning the hemogram as shown in tables (1 
and 2), ND-infected non-vaccinated broilers of group 
(II) showed a significant (P<0.05) decrease in the 
values of RBCs, Hb, PCV, MCHC with significant 
increase in MCV showing features of macrocytic 
hypochromic anemia. The hematological response 
in the chickens revealed significant depression 
of RBCs, Hb, PCV and MCHC with significant 
increase of MCV in the ND-infected non-vaccinated 
chickens (gp.II) when compared with the controls 
indicating macrocytic hypochromic anemia (Velguth 
et al., 2010). The severe anemia observed in the 
infected non-vaccinated chickens may likely be due 
to possible intravascular hemolysis and blood loss 
usually seen in form of proventricular hemorrhages 
and GI ulcers in VND (Calderon et al., 2005). The 
elevated mean corpuscular volume in chickens 
indicated that circulating RBCs was immature red 
cells (reticulocytosis) with less hemoglobin better 
described as macrocytic hypo-chromic anemia. 
Progressive degeneration and necrosis of precursor 
cells in hematopoietic islands of the bone marrow 
Fig.1:  Representative	photo	showing	dead	non-vaccinated	birds	naturally	infected	with	ND;	(A)	showing	signs	of	
cyanosis	(black	star),white	pasty	diarrhea	(black	arrowhead),	(B)showing	nervous	manifestation	(arrow),	nasal	
discharging	(white	arrowhead),	and	edema	of	eye	lids(yellow	star).	
142
Bulletin UASVM Veterinary Medicine 74 (2) / 2017
observed by Calderon et al. (2005) are supported 
by the hematological findings of our study and have 
been previously reported by Goryo et al. (1989) and 
Ojok and Brown (1996).
Leukocytopenia,	 heteropenia,	 lymphocytope-
nia	 and	 eosinopenia	 compared	 to	 the	 negative	
control	 group	 (I).Meanwhile,	 the	 infected-
vaccinated	group	(III)	showed	significant	marked	
improvement	 in	 the	 fore-mentioned	 parameters	
compared	 to	 the	 infected	 non-vaccinated	
group	 but	 not	 reach	 the	 level	 of	 normal	 control.	
Leukocytopenia		was	observed	in	the	ND-infected	
non-vaccinated	 chickens	 (gp.II)	 compared	 to	
the	 control	 group	 (I)	 in	 the	 present	 study	 with	
heteropenia,	 lymphocytopenia	 which	 	 may	
be	 attributed	 to	 the	 	 marked	 depression	 and	
elevation	 reactions	 of	 the	 white	 blood	 cells	 of	
chickens	during	ND	(Coles,	1986).	The	leukocytic	
alterations	 recorded	 in	 this	 study	 indicate	 that	
NDV	 exert	 marked	 depression	 on	 leucogram	 in	
chickens,	 as	 reported	 by	 Calderon	 et al.	 (2005).	
Lymphocytopenia	 recorded	 in	 chicken	 may	 be	
associated	 with	 depletion	 of	 lymphocytes	 in	
the	 bursa	 of	 Fabricus,	 spleen	 and	 thymus	 as	
reported	 by	 Ezema	 et al.	 (2009).	 The	 observed	
lymphocytopenia	 of	 acute	 infection	 may	 have	
complex	mechanisms	which	 include	 endogenous	
corticosterone	 release	 with	 temporary	 lympho-
cyte	 redistribution,	 and	 trapping	 of	 circulating	
lymphocytes	 within	 lymphoid	 tissue,	 especially,	
during	 viral	 infection	 (Schmidt	 et al.,	 2008).	
A	 sequential	 study	 in	 chickens	 after	 NDV	 was	
made	 by	 Harrison	 et al. (2011)	 who	 detected	
that	 the	 virus	 induced	 programmed	 cell	 death	
principally	 in	 mononuclear	 cells—macrophages	
and	 lymphocytes.	 Lymphocytopenia	 is	 common	
in	 acute	 inflammatory	 responses,	 because	
inflammatory	mediators	stimulate	the	diapedetic	
migration	 of	 heterophils	 and	 lymphocytes	 from	
the	 blood	 and	 lymphoid	 tissues	 to	 the	 points	
of	 inflammation	 where	 they	 are	 eventually	
destroyed	(Ng	et al.,	2005).	This	may	account	for	
the	 immunosuppression	 previously	 reported	 in	
NDV	in	chickens	(Ezema	et al.,	2009).	Hemogram	
Tab. 1.  Erythrogram	of	birds	in	different	groups	(I-III)	(n	=	15,	mean	±	SE)
RBCs
(×106/mm3)
Hb
(g/dl)
PCV
(%)
MCV	(fl)
MCHC
(%)
Control	gp	(I) 3.58a±0.36 9.20a±0.58 41.60a±1.96 119.50b±7.33 22.08a±1.72
ND-infected	non-
vaccinated	gp	(II)
1.70b±0.20 4.86b±0.12 31.40b±1.02 196.26a±24.57 15.48b±0.17
ND-infected	non-
vaccinated	gp	III)
2.77a±0.22 5.94b±0.19 35.80b±1.49 131.78b±8.85 16.66b±0.66
All	data	having	different	letters	are	differ	significantly	at	p	˂	0.05
Tab. 2.  Leukogram	(×103/mm3)	of	birds	in	different	groups	(I-III)	(n	=	15,	mean	±	SE)
WBCs Hetero. Lympho. Eosino. Baso. Mono.
Control	gp	(I) 7.86a±0.32 5.03a±0.28 2.26a±0.29 0.17a±0.03 0.13a±0.05 0.25a±0.01
ND-infected	non-
vaccinated	gp	(II)
2.70c±0.20 1.26c±0.09 0.95b±0.08 0.08b±0.01 0.10a±0.01 0.28a±0.03
ND-infected	non-
vaccinated	gp	III)
3.88b±0.26 2.27b±0.13 1.09b±0.11 0.15ab±0.02 0.07a±0.03 0.29a±0.02
All	data	having	different	letters	are	differing	significantly	at	p	˂	0.05.	Hetero;	Heterophils,	Lympho;	Lymphocytes,	Eosino;	Eosinophils,	
Baso;	Basophils,	Mono;	Monocytes.
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results	 of	 the	 present	 work	 disagree	 with	 the	
results	 recorded	by	 Ismail	 (2017)	who	 found	no	
significant	 changes	 in	 erythrogram,	 leukocytosis,	
lymphocytosis	 and	 monocytosis,	 42	 days	 post-
infection	with	NDV	in	broiler	chickens.		
Biochemical changes and histopatholo gi-
cal finding
Regarding	to	the	clinical-biochemical	reports	
in	comparison	with	the	control	group	(I)	as	shown	
in	 table	 (3)	 and	 fig.	 (2)	 general,	 the	 histological	
scores	obtained	for	each	organ	were	significantly	
higher	 in	 the	 non-vaccinated	 group	 compared	
to	 the	 vaccinated	 group	 (P<0.05)	 (Figs	 3,4	 and	
Tables	 4,5),	 ND-infected	 broilers	 of	 group	 (II)	
showed	a	significant	(P<0.05)	decrease	 in	serum	
total	 proteins,	 albumin	 and	 A/G	 ratio	 with	 non-
significant	 changes	 in	 serum	 total	 globulins	
beside	 an	 increases	 in	 serum	 concentrations	 of	
uric	acid	and		creatinine	(P<0.05),		this	supported	
by	 histopathologial	 findings	 in	 the	 current	
work	 revealed	 that	 ND-infected	 non-vaccinated	
chickens	 (gp.II)	 showed	 diffuse	 renal	 tubules	
and	 the	 glomeruli	 coagulative	 necrosis	 with	
cystic	dilatation	and/or	morphological	distortion	
of	 some	 renal	 tubules	 besides	 damaging	 of	
the	 basal	 membrane	 and	 severe	 congestion	 of	
the	 intertubular	 blood	 vessels	 (El-Bahrawy,	
2016).	 These	 observed	 structural	 alterations	
discuss	 our	 recorded	 biochemical	 results	 which	
represented	 by	 significant	 elevations	 in	 serum	
uric	 acid	 and	 creatinine	 with	 hypoproteinemia	
and	hypoalbuminemia	which	were	partially	in	the	
same	line	of	results	obtained	by	Ismail	(2017)	who	
found	 hyperproteinemia	 and	 hyperglobulinemia	
with	elevated	serum	uric	acid	and	creatinine,	42	
days	post-infection	with	NDV	in	broiler	chickens.	
The	 infected-vaccinated	 group	 (III)	 showed	
significant	 marked	 improvement	 in	 the	 fore-
mentioned	parameters	 compared	 to	 the	 infected	
non-vaccinated	 group	 and	 reach	 the	 level	 of	
normal	control	at	total	proteins,	albumin	and	uric	
acid.
Transaminases	are	 the	most	commonly	used	
indicators	of	cellular	necrosis	and	increase	in	serum	
concentration	 may	 indicate	 liver	 malfunction	
(Rosenthal,	1997).	They	occupy	a	central	position	
in	amino	acid	metabolism;	the	elevation	observed	
in	this	study	could	have	a	consequential	effect	on	
the	 amino	 acid	 metabolism	 in	 the	 birds,	 it	 may	
indicate	 some	 sort	 of	 injury	 to	 the	 organs	 like	
liver,	 heart,	 kidney,	 and	 brain,	 such	 injury	 may	
cause	 leakage	 of	 enzymes	 from	damaged	 organs	
to	 the	 blood	 stream,	 the	 concentration	 of	 these	
enzymes	predict	 the	severity	of	damage	(Ojiezeh	
and	 Ophori,	 2015).	 Elevated	 serum	 AST	 activity	
(P<0.05)	in	broiler	chickens	groups	infected	with	
NDV	 in	 the	 present	 work,	 indicating	 liver	 and	
various	 organs	 damage	 (McDaniel	 and	 Chute,	
1961;	 Rivetz	 et al.,	 1975).	 These	 results	 were	
confirmed	 by	 histopathological	 changes	 seen	 in	
liver	 of	 infected	 non-	 vaccinated	 group,	 which	
showing	congestion	of	hepatic	veins	and	atrophy	
in	the	adjacent	hepatocytes	as	previously	seen	by	
Ismail	(2017).
Stress	 is	 consisted	 of	 different	 forms,	 and	
results	in	hormone	releasing.	It	is	well	established	
that	insulin	is	the	key	peptide	hormone	regulating	
the	 metabolism	 of	 carbohydrate	 and	 lipid	 in	
broilers.	 Insulin	 induces	 glucose	 disposal	 in	
adipose	 tissue	 and	 muscle,	 and	 also	 prevents	
the	production	of	 glucose	 in	 liver.	 In	 the	present	
study,	 increase	 glucose	 concentration	 (P<0.05)	
(hyperglycemia)	 	 recorded	 in	 the	 ND-infected	
non-vaccinated	 birds	 may	 be	 a	 result	 of	 insulin	
resistance	as	an	indicator	of	stress	(Dupont	et al., 
2009)	which		resulted	from	elevated	corticosterone	
concentration	in	NDV	injected	birds	(Wang	et al., 
2015).
To	 control	 the	 spread	 of	 NDV,	 chickens	 are	
routinely	 vaccinated	 with	 NDV	 vaccines	 derived	
from	 known	 strains	 such	 as	 La	 Sota (Jeon	 et al., 
2008).	 In	 this	paper,	 La	 Sota-vaccinated	post-ND	
challenge	 birds	 showed	 marked	 improvement	
in	 the	 hemogram,	 liver	 and	 kidney	 functions	
compared	to	the	infected	non-vaccinated	group.	 
CONCLUSION
In	conclusion,	La	Sota-vaccinated	improve	the	
antibody	 response	 and	will	 give	 good	protection	
against	challenge	with	virulent	virus. 
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Tab.3. Kidney	function	tests	of	birds	in	different	groups	(I-III)	(n	=	15,	mean	±	SE)
T.	proteins
(g/dl)
Albumin
(g/dl)
Globulins
(g/dl)
A/G	ratio	
(%)
Uric	acid
(mg/dl)
Creatinine
(mg/dl)
Control	gp	(I) 6.99a±0.46 4.89a±0.09 2.09a±0.37 2.58a±0.36 52.40b±1.72 1.04c±0.12
ND-infected	non-
vaccinated	gp	(II)
5.54b±0.25 3.39b±0.11 2.15a±0.17 1.60b±0.12 119.40a±14.26 2.29a±0.19
ND-infected	non-
vaccinated	gp	III)
7.05a±0.58 4.44a±0.25 2.61a±0.34 1.76a±0.16 79.00b±12.72 1.57b±0.12
All	data	having	different	letters	are	differ	significantly	at	p	˂	0.05
Fig. 2.	Serum	glucose	level	and	AST&ALT	activities	of	birds	in	all	tested	groups.	
   Tab. 4. 	The	main	lesions	considered	in	the	
	 	 	 histopathological	scoring	of	the	examined	organs.	
Organ 												Lesion
Brain	 Perivascular	lymphocytic	cuffing
Small	intestine
Necrosis	of	the	mucosa	and	submucosa
Villious	desquamation	
Kidney
Tubular	necrosis
Congestion	of	intertubular	blood	vessels
Liver Venous	congestion
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   Tab. 5. Comparison	of	lesion	scores	(mean	±	SD)	b
	 	 	 etween	the	vaccinated	and	non-vaccinated	groups.
Organ/lesion Non-vaccinated Vaccinated
Brain 
Perivascular	lymphocytic	cuffing 2.7	±0.5 0.1	±0.3†
Small intestine
Necrosis	of	the	mucosa	and	submucosa
Villious	desquamation
2.9	±0.3
2.9±0.3
0.2	±0.4†
0.4	±0.5†
Kidney
Tubular	necrosis
Congestion	of	intertubular	
blood	vessels
2.9	±0.3
2.8	±0.4
0.1	±0.3†
0.2	±0.4†
Liver
Venous	congestion 2.7	±0.5 0.1	±0.3†  
	 	 †	Indicates	significant	differences	compared	to	the	non-vaccinated	groups	at	P<0.05.	
Fig. 3.	Photomicrographs	of	H&E-stained	brain	section	of	ND-infected	non-vaccinated	birds	showing	perivascular	
lymphocytic	cuffing	(B)	(400x).The	small	intestine	showing	villous	necrosis	and	lymphocytic	infiltration	in	the	
submucosa	(E)	(100x).	The	pathological	picture	of	the	vaccinated	group	(C,	F)	was	near	to	the	non-infected	
control	(A,	D).		
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